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(54) PRODUCTION OF DICHLORO-l.l'-DIANTHRAQUINONYLS 
AND THEIR DERIVATIVES 

(.71) We, BADISCHE ANILIN- & SODA-FABRIK AKTIENGESELL- 
SCHAFT, a German Joint Stock Company of 6700 Ludwigshafen, federal Republic" 
of Germany, do hereby declare the invention, for which we pray that a Patent may be 
granted to us, and the method by which it is to be performed> .to be particularly 
described in and by the following Statement:— 5 

The present invention relates to a process for the production of oryer'-dichloro- 
ijl'-dianthxaquinonyl derivatives from anthraquinone derivatives. 

The production of 4,4 f -dicWoro^l,l'-dianmraquinonyl by reaction of 1,4-dichloxo- 
anthraquinone in nitrobenzene in the presence of copper powder is described in 
"Monatshefe fiir Chemie", Band 39 (1918), Page 839. According to the author's re- 10 
port there resulted a brown, amorphous product, from which 4,4'-dichloro>- 1 , 1 '-di- 
anihraquinonyl .could be isolated as a light brown product after a cumbersome and 
expensive purification operation. It is also stated in the same reference that the corres- 
ponding reaction, which is also characterised as an UUmann reaction, does not occur 
with 1,5- and 1,8-dichloroanthraquinone. .15 

We have now found that a/i'-dichloro^l,l ; -dianthraquinonyis of the formula:— 
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in which one X and one X' each denote chlorine and 'the other X and X' denote 
hydrogen, chlorine or hydroxy, R denotes alkyl having one to four carbon atoms, a 
heterocyclic 5-membered ring with, two hetero atoms, which can be condensed with a 
benzene ring, the — COOR 1 or the — CONR 2 R* group, n denotes zero, one or two, 
R 1 ' denotes alkyl having one to four carbon atoms, R 2 denotes hydrogen or alkyl having 
one to four carbon atoms and R 3 denotes alkyl having one to four carbon atoms or an 
optionally substituted phenyl radical, and in which one X and one X' together with 
the carbon atom of the neighbouring carbonyi group can form a condensed 6-mem- 
bered carbocyclic ring or a 5-. or 6-membered heterocyclic ring, can be produced in 
an advantageous manner by reacting dichl oroanthraquuiones of the formula: — • 
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(II) 



in which X, R and n are as defined above, in a strongly polar aprotic solvent which is' 
miscible with water, or a mixture of such solvents, in the presence of at. least an 
equimolar amount of copper powder. 
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«,«'-Dichloro-l,l'.dianthraquinonyls of formula I can be obtained in high yield 
and good punty and simultaneously in high space-time yield according to the process 
of the present invention. " y 

The following dichloroanthraquinones of formula II can for example be used- 
1 m c°S°?? h ? quin0n & U-dichloroanthraquinone, 1,8-dichloroanthraquinone, 
l.^icWoro-^S-dihydnoyaarhraquinone, l,5-dic±lorc^-hycjoxyaadiraqiHnone, 18- 
±chlor<M,5-dihydroxyantlHaquinone, 5,8-CJcSorobenzantru-one, 5,8-dichlorc-l</- 
^ 8 ^-f cmo^l(N) ) 9-anttepyridone, S.SKUchloroll^CN)-^- 
aOTloanftrone, 5,8-dicMc^l,9-pyrazoloanmrone, 4^-di < ±lorowl ) 9-r^a2oloanthrone, 
4,5^chlorobeiizanthrone, ^-dicWorc-l^-anthiapyiixmdine, l,4-dicmoro-2-rnethy^ 
anthiaqupone lAdicnloro-fi-me^l-anthiaqiiinone, l } 4^chloro-anthiaqumone-6- 
carboxylic acid esters such as the methyl, ethyl, propyl and a- or iso-butyl esters: 
l^chloroantoquinone-2-carboxylic acid esters such as the methyl, ethyl, propyl! 
and a- or iK^butyl esters, l^icWoroantr^quinone-e^axboxylic amides such as 
andide or the N,N-dia%lamides, l^dicWoro^mhraqumone^-carboxylic amides such 
as the anilide or the N.N-dKlkyi amides, 1,4-dichIoroanthraquinone derivatives which 
nave a heterocyclic radical m the 2- or 6-positioa, for example l,4-dichloro-2-[ben2- 
ra^olyl-(2)].anthraquinone, l,4-dicMorc-2-[termiuazQlyI^ 1,4- 
d^(^-[b^oxa 2 dyl-(2)].antliraqumone, 1 l,4^chlc^[ber^th^K2)]r 

h^ q "ff mf ? . / 1 >f 1 d '^ L OT ^ 2 -[^^ ^<>lyl-(2 )]^tlir a quinon e , l,4-dichlo^-6- 
[oenzuiuda20lyl-(2) ] -anthraquirione! 

i ^?H oa P roduct r of f0Tmula I include .above aH 4,4^cUcWo(ro-l,l'-<Iianthraquin t - 
onyi, 3,5 -dicnloro-1,1 -dianthraquinonyi and the compounds . 



o ci 





°2? 





N — S 






These compounds are particularly suitable as starting materials for conversion to dyes. 

Ujrrespondingly, particularly preferred starting compounds of formula II are 1,4- 
Qichloroanthraquinone, 1,5-dichloroanthraquinone, 4,5-dichlorobenzanrhrone, 5,8-di- 
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chlorobenzanthrone, J^^ichloro-l^-anthrapyriniidiiie, 5 ) 8-dichloTO-l(N),9-anthia- 
pyndone, S^-dichloro-l^JNJ-isothiazoloantfaroiic, 5,8-dichloro- 1,9-pyrazoloanthrone 
and 4 > 8-dichloro-l J 9-anthrapyrimidine. 

• Examples of strongly polar, aprotic solvents which are. miscible with water are 
dimethylsulphoxide, tetra methyl enesulphone and the N,N-dialkyI carboxylic amides, 
for example N,N-dimethyi formamide, N^-dimethylacetamidc, NjN-dimcthylpropion- 
armde, N,N-diethylfarmamide, N,N-diemylacctamide, N,N-diethylpropionamide, 
NjN,N jN'-tetramethylurea, also the cyclic N,N-diaiIcyl carboxylic amides, for example 
N-methylpyrrolidone, N-ethylpyrrolidone and tf-methyl-caprolactam. Oh economic 
grounds dimethylsulphoxide, N,N-dimemylformamide, N-methylpyrrolidone and mix- 
tures of two or more thereof are preferred as the strongly polar, aprotic solvent miscible 
with water. 

The reaction; is generally carried out as follows: The dichloroanthraquinone of 
formula II is suspended or dissolved in the solvent or solvent mixture and the mixture 
is heated to the reaction temperature. At this temperature at least the equivalent 
amount or an excess of copper powder is added in such a way that the temperature 
m the reaction mixture is maintained constant without an additional supply of heat 

. In some cases, for example with 1,4-dichloroanthraquinone, the reaction proceeds 
so vigorously that the copper powder must be: added in very small portions so» that 
the reaction is not too violent. On the other hand, with dichloroanthraquinone s that axe 

; slow-to-Teacvtof-exampie 1,5 -dichloroanthraquinone, the total amount of ttewpper 
powder can be added at once to the hot solution-. The reaction of dichloroanthraquinones 
{ii) that are : s low to react can be accelerated by the addition/ of catalytic amounts of 
copper (I) halides, for example copper (I) chloride or copper (I) bromide. By 
catalytic amounts we mean amounts of 0.005 to 1 weight % based on the amount of 
copper used. 

The amount of the water-mistible, strongly polar, aprotic solvent used is suitably 
from 0.5 to 10 tunes, preferably from' 0.5 to 5 times, the amount of the dichW 
antfaraqumone compound (II) used, on a weight basis. The actual amount used depends 
^r^^ r ^i. CM °£ t>un ^^ or * observed in the reaction of 1,8-dichtoroi 

anthraqumone that the yjdd of 8,8'-di dicWoro-l.l'^ianthraquinoyl falls sharply 
wuh the use of larger amounts of solvent. The elimination of a entwine atom isfoimd 
to occur as a side reaction instead of the formation of the dianthraquinonvl molecule.- 
In other cases, however, the amount of solvent is not critical Thelmount of solvent 

aJT? M • as • possib e °? ecoiwmic pomds but should, however, be chosea such, 
that die reaction mixture is stirable throughout the whole reaction. 

The reaction of the dichloroanthraquinone compounds (II) is carried out in 
general at from 70 to 200° C, preferably from 120 to 160° C 

c^^Za^ 0 a ?* reac ^ on fa dependent on the dichloroanthraquinone 

compound (II) and the reaction temperature used. In general the reaction kcom- 

««L5?^ m ^ ?5 131,60 from 120 10 160 ° C the reaction is complete in most 
c^es aft« a period of from half an hour to two hours. The reaction producTgSS 
cry^HUises out during the racuor, and can be separated easily from the reaction^ 
wh^/S^i" 0 ^ P ^trifugation or decamtion. In those cSes 

2 SfJn?™-*'* i' 1 ? 1 ™^™™? compound obtained is soluble in the solvent 
or solvent mixture, a solvent or diluent in which the reaction product is either insoluble 
or cKrfy slightly soluble is added to the reaction mirtoand^ytoXSS 

m^W^T*? °° t S0l , VentS ^ Mumts ^ble for this Sot are for ^ 
methanol, ethanol, propanol, acetic acid and, above all, water caampie 

codxTaT^ Ztft 03X1 theK ! fter te fr f«l » a conventional manner from the 
3^J™L™ y "i 1 te Presemy .for example by treatment with sodium chlorate 
w a t^^° nC /? d ".J* treatment wkh hot dilute nitric acid. In this waTSe 

a _- The ¥ .dimethylformamide as solvent for the Ullmann reaction for the nro- 

^ been 1^*^ . 
refenfivf B i? d 74 (1952 > " 57S2 - 011 the basis of this literature 
-5 ^ "S* t0 "S 1 *? m mc P resent ax that, because the course of the 
Sfa^JT*? $ ^ m , ade 5,m P ,er ' sdU h, "8 her Polymeric anthraquinonyls would 
be formed by the reaction of 1,4-dichloroanthraquinone, as this is kncW to occuTin 
d* known conversion of 1 .^ichlc^thraqui^ne in boiling JSZSuL TdS 
f^S^f^-^"- 1 W3 f ^tobe expected that the^po^duS 

SmfSS^ ^ 1 ^- dia nthraquinonyl would be obtained in excellent yield andpuritf 
using strongly polar, aprotic solvents miscible with water. 
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The reaction products are valuable starting materials for the production of dye- 
stuffs, particularly pigments, because the chlorine atoms in the a- and a'-positions can 
be substituted by other nucleophilic groups. 

The invention is illustrated by the following Examples in which the parts and 
percentages are by weight unless otherwise stated. The parts by volume are related to 
the parts by weight in the same way as the litre to the kilogram. 

Example 1. 

277 Parts of 1,4-dichloroanthraquinone are introduced into 500 parts by volume 
of dimeriylfoimamide. The mixture is heated to boiling point until a clear solution 
is attained: The heating is now stopped and 70 parts of copper powder are added in 
batches at 120° C. with stirring so that the exothermic reaction just continues in pro- 
gress. Thereafter the mixture is stirred for a further one to two hours at 120° C, 
diluted with 250 parts by volume of acetic add and filtered hot. The filter cake is 
washed with hot tfmeth^ormarnide and then with hot water, and then introduced 
into 500 parts by volume of approximately 30% nitric acid for decoppering. It is 
digested for one hour at 60 to 70° C, filtered and washed until neutral with hot water. 
After drying, 230 parts of 4,4 / -o^cMoro-l,l / ^ianthraquinonyl is obtained in the form 
°* y^owish crys tals ( an amo unt corresponding to the calculated yield). Content of 
" chlorine: caiuilate^T14: r /%, found 14.5^ThFcon^und^oesnbt melt bdow~?60° C. 

Example 2. 

277 Parts of l 3 4-dichloroanthraquinone are dissolved in 400 parts by volume of 
dimethylsulphoxide at 100° C. 0.05 parts of copper (I) chloride is added and then 
67 parts of copper powder are added all at once so that the reaction remains in pro- 
gress without heating. Then the reaction; mixture is stirred for a further one hour at 
120 °G, diluted with 200 parts by volume of acetic acid and filtered at 80° C It is 
thereafter washed with hot acetic acid and decoppered in the manner described in 
Example 1. After drying, 195 parts of 4,4'-dicMoro-^l / -dianthraquinonyl (corres- 
ponding to 81% of the calculated yield) are obtained. Content of chlorine: calculated 
14.7%, found 14.5%. 

If the dimethylsulphoxide is replaced in Example 2 by the same amount of the 
solvents named in the following Table, the results listed there are obtained. 
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Example 


Solvent 


Yield 
Parts 


%C1 


3 


N-methylpyrrolidone 


189 


14.9 


4 


N.N.N' ,N* -tetramethylurea 


198 


14.6 


5 


N.N-dimethylacetamide ■ 


218 


14.7 


6 


N ,N-d ie thy If ormamide 


203 


14.9 


7 


N-methylcapro lac tarn 


199 


14.4 



Example 8. 

« . 299 Parts of 5,8-dicMorobenzanthrone and 0.5 parts of copper (I) chloride are 

^ stirred into 800 parts by volume of N-methylpyrrolidone at 130° G 67.5 parts of 
copper powder are added thereto inside one hour and the mixture is then stirred for a 
further two hours at 140° C. The reaction mixture is poured into a 500 parts by 
volume of water, filtered and decoppered in the manner described in Example L 
After drying, 229 parts of dichloro-dibenzanthronyl of the formula 
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